A sensitive, fast, and stability-indicating isocratic reverse-phase ultra-performance liquid chromatography method was developed and validated for quantitative simultaneous determination of sodium methylparaben, sodium propylparaben and ketorolac tromethamine in topical dosage forms. Separation of all peaks was achieved by using acquity ethylene bridged hybrid C18 (50×2.1 mm, 1.7 µ) as stationary phase, mobile phase used was triethylamine buffer (pH 2.5):tetrahydrofuran:methanol (665:35:300, v/v/v) with isocratic mode at a flow rate of 0.40 ml/min. All component were detected at 252 nm with 10 min run time. The described method was found to be linear in the concentration range of 248-744 µg/ml for ketorolac tromethamine, 20.8-62.4 µg/ml for sodium methylparaben and 2.38-7.13 µg/ml for sodium propylparaben with correlation coefficients more than 0.999. Method was validated in terms of specificity, linearity, accuracy, precision, solution stability, filter equivalency, and robustness as per International Conference on Harmonization guideline. Formulation was exposed to the stress conditions of peroxide, acid, base, thermal, and photolytic degradation and proven all components were well separated in the presence of degradants.
Ketorolac tromethamine (KTR) is a nonsteroidal antiinflammatory drug in the family of heterocyclic acetic acid derivatives. Chemically it is 5-benzoly-2,3-dihydro-1H-pyrrolizine-1-carboxylic acid, 2-amino-2-(hydroxymethyl)-1,3-propanediol, often used as an analgesic, antipyretic and antiinflammatory agent. KTR acts by inhibiting the biological synthesis of prostaglandins. KTR is available in pharmaceutical dosage forms such as tablets, capsules, injections, eye-drops, and topical gel [1] [2] [3] [4] .
Some organic acids and their esters are commonly used as preservatives, but more often combinations of preservatives as antimicrobial agents in cosmetic, food, and pharmaceutical products are used to prevent chemical alteration and degradation of the product formulation [5] .
The preservative system is an important part of semisolid formulations in preventing the deterioration of formulations from microbial contamination. Sodium methylparaben (SMP), sodium propylparaben (SPP) are the most commonly used preservatives and have been used for many years [5] [6] [7] .
A detailed literature survey revealed that a number of methods are available for determination of KTR, SMP and SPP individual in serum by high-performance liquid chromatography (HPLC) [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] , gas chromatography mass spectrometry [18] , spectrophotometry [19, 20] , liquid chromatography mass spectrometry [21] , and in pharmaceutical dosage form by HPLC [22] [23] [24] [25] .
Research Paper
To the best of our knowledge, there is no stability-indicating liquid chromatography (LC) method reported for the simultaneous estimation of KTR, SMP and SPP in topical dosage forms. Therefore, attempts were made in this study to develop a fast, sensitive, selective, and stability-indicating reversephase ultra-performance liquid chromatography (RP-UPLC) method for the simultaneous determination KTR, SMP, and SPP in topical dosage forms. The proposed method was able to separate KTR, SMP, and SPP from each other and from its degradation products and placebo components. The developed LC method was validated with respect to specificity, linearity, precision, accuracy, solution stability, filter equivalency, and robustness. Force degradation studies were performed on the placebo and drug product. Developed method separated all degradation products from KTR, SMP, and SPP and exhibits stability indicating nature.
The drug product stability guideline Q1A (R2) issued by the International Conference on Harmonization (ICH) [26] suggests that stress studies should be carried out on a drug to establish its inherent stability characteristics, leading to identification of degradation products and, hence, support the suitability of the proposed analytical procedures. It also requires that analytical procedures for testing the stability of samples should be stability-indicating and fully validated. Chemical structures of KTR, SMP, and SPP and impurities of KTR (1-hydroxy analog and 1-keto analogue) are presented in fig. 1 .
MATERIALS AND METHODS
KTR gel sample, placebo, working standards and impurities standards were provided by Dr. Reddy's Laboratories Ltd., Hyderabad, India. HPLC grade methanol, tetrahydrofuran, triethylamine and orthophosphoric acid were used of Rankem, New Delhi, India. 0.22 µm polyvinylidene difluoride (PVDF) membrane filter, 0.2 µm PVDF syringe filter and 0.2 µm Nylon syringe filter were used of Millipore, India. Water for UPLC TM was generated using the Milli-Q Plus water purification system (Millipore, Milford, MA, USA). UPLC TM (Acquity Waters, with auto sampler, binary solvent manager and photo-diode array detector). Empower version 2 software (Waters) installed on a Pentium computer (Lenovo) was used for data handling. Photo-stability chamber (Sanyo, Leicestershire, UK), dry air oven (Cintex, Mumbai, India), Cintex digital water bath were used for specificity study.
Chromatographic conditions:
All chromatographic experiments were performed in the isocratic mode. Separation was achieved on ethylene bridged hybrid (BEH) C18 (50×2.1mm, 1.7 µ) column as stationary phase and using a mixture of triethylamine buffer (pH 2.5):tetrahydrofuran:methanol (665:35:300, 
Standard solution preparation:
The stock solutions of SMP (400 µg/ml) and SPP (225 µg/ml) were prepared by dissolving an appropriate amount of analyte in a mixture of methanol:water (45:55% v/v) separately. Standard solution was prepared by taking an appropriate amount of KETR and adding stock solution of SMP and SPP into it. In standard solution, concentration of KETR, SMP, and SPP were 500 µg/ml, 40 µg/ml and 4.5 µg/ml, respectively.
Sample preparation:
An accurately weighed sample equivalent to 50 mg of KTR was added into a 100 ml volumetric flask. About 70 ml of diluent (mixture of methanol:water, 45:55% v/v) was added to this volumetric flask and sonicated in an ultrasonic bath for 15 min with intermittent shaking. Diluted to the volume with diluents and mixed well. Centrifuged a portion of sample at 5000 rpm for 15 min and filtered a portion of solution through 0.2 µm Nylon syringe filter.
Method development:
Prime objective of this RP-UPLC method development for determination of KTR, SMP and SPP in topical dosage form was that the developed method should be able to determine assay of drug and preservative in a single run and should be accurate, reproducible, robust, and stability indicating. All degradation products from stress conditions should be well separated from each other and method should be simple to become useful in analytical research and quality control laboratory for routine use.
KTR acid degradation sample was used for method development to optimize chromatographic conditions. All impurities (1-hydroxy analog and 1-keto analogue) were spiked in KTR in a way to achieve 2 µg/ml for each impurity and 500 µg/ml for KTR.
Column selection and mobile phase selection were carried out simultaneously. A method development was started with high strength silica (HSS) C18 100×2.1 mm, 1.7 µ column as stationary phase. By using mobile phase as buffer (0.1% triethyl amine, pH 2.5 adjusted by orthophosphoric acid):methanol, 50:50% v/v at a flow rate 0.4 ml/min and column temperature 40°. Peak tailing with poor resolution between KTR and SPP was observed. Different ratio of mobile phase composition, i.e. buffer (0.1% triethyl amine, pH adjusted to 2.5 by orthophosphoric acid):methanol, 70:30% v/v was tried for better separation. Good separation between KTR and SPP peaks was observed, but acid degradant peak was eluted late. Further, trials were taken with different columns such as BEH C18 (50×2.1 mm, 1.7 µ), BEH C18 (100×2.1 mm, 1.7 µ), and HSS C18 (100×2.1 mm, 1.7 µ) but with same mobile phase. Forced degradation samples were injected with triethylamine buffer (pH 2.5):tetrahydrofuran:methanol (665:35:300, v/v/v), isocratic mode, flow rate was 0.4 ml/min, column temperature 40° and run time 10 min. Furthermore in case of HSS C18 (100×2.1 mm, 1.7 µ) late elution of acid degradant was observed with bad peak shapes of all three components. In case of BEH C18 (100×2.1 mm, 1.7 µ) late elution of acid degradant was observed but peak shape was found good for all three components. Further, trial was taken to reduce run time with BEH C18 (50×2.1 mm, 1.7 µ) column. Separation of KTR, SMP, SPP and impurities peaks were found to be well separated with run time of 10 min and the representative chromatogram is shown in fig. 2 . KTR, SMP, and SPP are soluble in methanol and in water. Based on solubility different ratio of methanol and water were tried as diluent for sample dispersion and extraction of all three components. Good recovery of all components was found with methanol:water (45:55, v/v) as diluent.
Analytical method validation:
After satisfactory development of the method, it was subjected to method validation as per ICH guideline [27] . The method was validated to demonstrate its suitability for intended purpose by the standard procedure. Analytical method validation was carried out by means of system suitability, accuracy, precision, linearity, robustness, solution stability, forced degradation study, and filter compatibility.
System suitability parameters were measured so as to verify the system, method and column performance. System suitability test parameters were checked by repetitively injecting the drug solution specific concentration levels of KTR (500 µg/ml), SMP (40 µg/ml) and SPP (4.5 µg/ml) to check the reproducibility of the system.
Specificity/forced degradation study:
Specificity is the ability of the method to measure the analyte response in the presence of its potential impurities [27] . Forced degradation studies were performed to demonstrate selectivity and stabilityindicating capability of the proposed RP-UPLC method. Placebo, standard, and sample preparation were injected to check the interference study.
Forced degradation by peroxide oxidation was carried out by weighing sample equivalent to 50 mg of KTR into 100 ml volumetric flask. About 30 ml of diluent was added to this volumetric flask and sonicated in an ultrasonic bath for 15 min with intermittent shaking. Then 5 ml of 30% v/v H 2 O 2 was added and heated on water bath at 70° for 2 h. Cooled to room temperature, diluted to the volume with diluent and mixed well. A portion of sample was centrifuged at 5000 rpm for 15 min and filtered through 0.2 µm Nylon syringe filter.
Forced degradation through acid hydrolysis was carried out by weighing sample equivalent to 50 mg of KTR into 100 ml volumetric flask. About 30 ml of diluent was added to this volumetric flask and sonicated in an ultrasonic bath for 15 min with intermittent shaking. Then 5 ml of 1 N HCl was added and heated on water bath at 70° for 1 h. cooled to room temperature and neutralized with 1 N NaOH. It was diluted to the volume with diluent and mixed well. Centrifuged a portion of sample at 5000 rpm for 15 min and filtered through 0.2 µm Nylon syringe filter.
Forced degradation through base hydrolysis was carried out by weighing sample equivalent to 50 mg of KTR into 100 ml volumetric flask. About 30 ml of diluent was added to this volumetric flask and sonicated in an ultrasonic bath for 15 min with intermittent shaking. Then 5 ml of 4 N NaOH was added and kept at room temperature (RT) for 15 min, followed by cooling to room temperature and neutralizing with 4 N HCl. Diluted to the volume with diluent, mixed well. A portion of sample was centrifuged at 5000 rpm for 15 min and filtered through 0.2 µm Nylon syringe filter.
Photolytic degradation was studied by exposing sample to 1.2 million lux h and further followed by sample preparation procedure as mentioned above. Thermal exposed sample was studied by exposing the sample at 105° for 6 h followed by sample preparation procedure as mentioned above.
Precision:
The precision of the assay method was verified by repeatability and by intermediate precision. Precision was investigated using the sample preparation procedure for six real gel samples and analyzing by the proposed method. Intermediate precision was studied using different column and performing the analysis on different day. 
Accuracy:
To confirm the accuracy of the proposed method, recovery experiments were carried out by standard addition technique. Three different levels (50, 100 and 150%) of standards were added to preanalyzed placebo samples in triplicates. The percentage recoveries of KTR, SMP and SPP at each level and each replicate were determined. The mean of percentage recoveries (n=3) and the % relative standard deviation (RSD) were calculated.
Linearity:
Linearity was demonstrated from 50 to 150% of standard concentration KTR (500 µg/ml), SMP (40 µg/ml) and SPP (4.5 µg/ml) using minimum five calibration levels (50, 75, 100, 125 and 150%) for the KTR, SMP and SPP compounds, which gave a good confidence on analytical method with respect to linear range.
Robustness:
The robustness as a measure of method capacity to remain unaffected by small, but deliberate changes in chromatographic conditions was studied by testing the influence of small changes in flow rate (±0.04 ml/ min), change in column oven temperature (±2°), change in mobile phase buffer pH (±0.2), change in mobile phase organic composition (±2%) of tetrahydrofuran and methanol.
Stability:
Stability of sample solution was established by storage of sample solution at ambient temperature for 24 h. Sample solution was re-analyzed after 12 and 24 h time intervals and the assay was determined and compared against fresh sample.
Filter compatibility:
Filter compatibility was performed for nylon 0.2 μm syringe filter (Millipore) and PVDF 0.2 µm syringe filter (Millipore). To confirm the filter compatibility in the proposed method, filtration recovery experiment was carried out by sample filtration technique. Sample was filtered through both syringe filters and % assay for both syringe filters were determined and compared against centrifuged sample.
RESULTS AND DISCUSSION
The % RSD of the area of KTR, SMP, and SPP from five replicate injections was below 0.20%. Low values of % RSD of replicate injections indicate that the system is precise. Results of other system suitability parameters such as theoretical plates and tailing factor are presented in Table 1 . Fig. 2 shows that there was no interference at the retention time of KTR, SMP and SPP due to blank, placebo, impurities or degradation products. Placebo, standard, and sample chromatograms are presented in figs. 2a-c, respectively. Significant degradation was not observed when KTR was subjected to hydrogen peroxide oxidation (30% H 2 O 2 , 70°, 2 h). Whereas, significant degradation was observed when the drug product was subjected to acid hydrolysis (1 N KTR=ketorolac tromethamine, SMP=sodium methylparaben, SPP=sodium propylparaben, RSD=relative standard deviation, N=plate count of the analyte peak, T=tailing factor of the analyte peak, MP=mobile phase, THF=tetrahydrofuran, *Determined on five injections
HCl, 70°, 1 h) and base hydrolysis (4 N NaOH, RT 15 min). Sample chromatogram for base degradation and acid degradation study are presented in figs. 3a and b, respectively. Furthermore, significant degradation was observed when the drug product was subjected to photolytic (1.2 million lux h) and thermal (105º, 6 h) degradation. Chromatograms of photolytic degradation and thermal degradation study are presented in figs. 3c and d, respectively. Peak due to KTR, SMP, and SPP were investigated for spectral purity in the chromatogram of all exposed samples and found to be spectrally pure. Peak purity angle were less than peak purity threshold for KTR, SMP, and SPP. The purity and assay of KTR was unaffected by the presence of its impurities and degradation products and thus, confirmed the stability-indicating nature of the developed method. Results from forced degradation study are given in Table 2 .
The precision of the assay method was verified by repeatability and by intermediate precision. The samples in gel preparation were analysed with six replication and % assay of SMP, SPP and KTR were 102.4, 99.2 and 98.8, respectively with RSD below 1.5%. Intermediate precision was studied using different column, and performing the analysis on different day. Results are presented in Table 3 along with precision data. Low values of % RSD, indicates that the method is precise.
The amount recovered was within ±1% of the amount added, which indicates that the method is accurate and also there is no interference due to excipients present in topical formulation. The results of recoveries for assay are shown in Table 4 . The response was found to be linear for all KTR, SMP and SPP from 50 to 150% of standard concentration and correlation coefficient was also found greater than 0.999. Bias was also found within ±0.5. The result of correlation coefficients, Y-intercept, bias and linearity equations for KTR, SMP and SPP are presented in Table 5 .
In case of robustness study, no significant effect was observed on system suitability parameters such as theoretical plates, tailing factor and % RSD of all three components, when small, but deliberate changes were made to chromatographic conditions. The results are presented in Table 1 along with system suitability parameters of precision and intermediate precision study. Thus, the method was found to be robust with respect to flow rate (±0.04 ml/min), change in column oven temperature (±2°), change in mobile phase buffer pH (±0.2) and change in mobile phase composition (±2%) of tetrahydrofuran and methanol.
Sample solution did not show any appreciable change in assay value when stored at ambient temperature up to 24 h, which are presented in Table 6 . The results from solution stability experiments confirmed that sample solution was stable for 24 h during assay determination.
There was no significant change in assay of nylon, PVDF and centrifuged samples. Assay results as a percentage are presented in Table 7 . In displayed result, difference in % assay was not observed more than ±0.2, which indicates that both syringe filters have a good compatibility with sample solution.
A fast, sensitive, and stability indicating RP-UPLC method was successfully developed for the determination of KTR, SMP and SPP in topical dosage form. The method validation results have established that the method is selective, precise, accurate, linear, robust, filter compatible, and stability indicating. The run time (10.0 min) enables rapid determination of all three components. Moreover, it may be applied for determination of KTR, SMP and SPP in the study of content uniformity, tube homogenity and in vitro release test profiling of KTR topical dosage forms, where sample load is higher and high throughput is essential for faster delivery of results.
